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Single Cell Measurements of Important Phytoplankton Processes in EEGLE
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INTRODUCTION

During the spring isothermal period in Lake Michigan a bloom of net
diatoms occurs throughout the southern basin (Brooks and Torke 19
Fahnenstiel and Scavia 1987; Fig. 1). This spring diatom bloom (SD
a major source of carbon to higher trophic levels and directly influend
the health of key benthic invertebrates. At the same time the bloom
initiates (March/April), the Recurrent Coastal Plume (RCP) develops
the nearshore region of the southern basin (Fig. 2). The linkage be
the RCP and the SDB was a major focus of our project. Because thg
phytoplankton communities in the SDB and RCP have broad similari
in community composition (dominance by centric diatoms and crypta
phytes), community and broad taxonomic measures lack necessary
discrimination. However, at the species level there are distinct differ
in the centric diatom communities of the SDB and RCP. The SDB is
dominated by large chain-forming centrics, whereas the RCP is dom
by small solitary centrics (5-10 mm; Fig. 1-2).

In order to understand the effects of the RCP on production, growth,
nutrient status, and light harvesting abilities of spring diatoms, indivig
cell or species measurements are needed. One unique aspect of ou
EEGLE project is that most phytoplankton processes have been meg
at several organizational scales, e.g., community, chemo-taxonomic,
individual cell. In this poster we present information on the single cel
measurements that are being made as part of our EEGLE project.
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Figure 1. Photomicrograph of particulate material from

spring diatom bloom during April 1999. This station was

located off Muskegon and was not influenced by the RCP.
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Figure 2. Photomicrograph of particulate material from
region impacted by recurrent coastal plume in April 1999.
Note abundance of small centric diatoms (arrow) and
detrital material.

PHOTOSYNTHESIS AND GROWTH

Photosynthesis and growth rates are being estimated by the incorporat
of C-14 into individual cells using track autoradiography (Carney and
Fahnenstiel 1987). This technique is basically the standard C-14 methg
except that the radioactivity is counted as individual disintegrations
associated with each cell recorded on photographic emulsion (Fig. 3).

Short-term photosynthesis-irradiance (Pl) experiments were conducted
measure the photosynthetic rate of individual species. Longer-term ti
series of C-14 uptake (24-48 hours) were used to calculate growth rate
using the models described in McCormick et al. (1995). A novel aspec
these models is they also can be used to provide an estimate of the sy
carbon content based only on the change in specific activity.

Preliminary results from the March 1998 sampling demonstrates that i
some cases the models do provide different growth rates (Table 1). T
differences are due to the length of the photoperiod and assumptions
regarding the division cycle. Interestingly, modeled carbon contents ar
consistently lower than biovolume based carbon contents (30%).
Moreover, preliminary data suggests that the RCP is adversely impactingigure 3. Photomicrograph of Aulacoseira islandica showing a
the growth of phytoplankton, as growth rates in the plume are lower tharflisintegration (track) originating from cell.

those in non-plume regions.

Species CubM VUDM DM Model  Biovolume
Table. 1. Growth rates and carbon content of dominant phytoplankton from Muskegon-
110 m station on 3/22/98. Growth rates were calculated using the constant uptake Cyclostephanos sp. 0.18 0.30 0.31 5 8
division model (CUDM), variable uptake division model (VUDM), and diurnal model Stephanodiscus sp. 0.25 0.45 0.26 13 18
(DM) (McCormick et al. 1995). Carbon content of species was determined from output Aulacoseira subartica 0.19 0.34 0.25 26 38
of growth models (DM and CUDM) and biovolume estimates (Strathmann 1967). Aulacoseira islandica 0.30 0.56 0.23 78 100

LIGHT ABSORPTION

Light is an important variable controlling phytoplankton production and biomass during the spring bloom (Scavia and FAR&&)stiBecause
significant light attenuation is associated with the RCP, it may accentuate light limitation and possibility impact thxospnind ight absorption
efficiency of individual cells was measured as part of this EEGLE project. The poster of Kelly and Lohrenz describe e tseldnito measure
the optical efficiency of single cells. Information on optical efficiency coupled with spectral irradiance fields and phesasgnd growth rates
can be used to estimate individual cell quantum yields for photosynthesis and growth. With this information we can caiegaabibiies to
utilize light and possible competitive outcomes.

The largest differences in spectral absorption efficiency were associated with algal groups (see poster of Kelly andri.mbrerdefail on
spatial and temporal variability). The spectral shapes varied between cryptophytes and diatoms in Lake Michigan. Thess diffigiet
absorption efficiency among species influenced the ability to harvest light (Fahnenstiel et al. 1999).
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Figure 5. Spectral absorption efficiency of Rhodomonas minuta
(abundant cryptophyte) determined microphotometrically. Sample
was collected from Lake Michigan on April 16, 1999.

Figure 4. Spectral absorption efficiency of Cyclostephanos sp.
(small centric diatom abundant in RCP) determined with micropho-
tometrically (see poster by Kelly and Lohrenz). Sample was
collected from Lake Michigan on April 16, 1999.

PHOSPHORUS AVAILABILITY

Phosphorus is the element most likely limiting phytoplankton photosyn-
thesis and biomass in Lake Michigan (Schelske et al. 1974). To assess
the potential for phosphorus limitation we employed two measures of
phosphorus availability. Alkaline phosphatase is an enzyme produced in
many algal cells when inorganic phosphorus concentrations are low. This
enzyme allows cells to utilize organic-P, and is often used as a indicator
of possible phosphorus limitation. An enzyme labeled fluorescence
technique was used to determine the alkaline phosphatase activity of
individual cells (Fig. 6). Also, the presence of poly-phosphate bodies in
algal cells was used as a measure of surplus phosphorus. When
phosphorus deficient cells encounter surplus phosphorus, this surplus
phosphorus is stored in poly-phosphate bodies. A lead-staining technique
(Jensen 1968) was used to assess poly-phosphate body formation in
individual cells.

Preliminary results indicate that severally P- deficient cells (presence of
alk-P) were only found in RCP areas several weeks after a resuspension
event. No evidence of strong P limitation was been found in non-plume
areas or RCP areas immediately after plume resuspension. Moreover, no
evidence for widespread poly-phosphate formation was found in plume or
non-plume impacted areas.

Figure 6. Photomicrograph of small centric diatom (most likely
Cyclostephanos) exhibiting alkaline phosphatase labeled
fluorescence (yellow). The red fluorescence is chlorophyll.
The significant yellow fluorescence suggests that the cell was
likely phosphorus deficient.
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